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INTRODUCTION 
Weather, with its uncertainties, frustrations and 
occasional periods of violence, has been talked about 
since communications among humans began. How-
ever, the study of atmospheric science is quite new. 
Knowledge of what causes a raindrop to drop has 
been with us for only a couple of decades and scien-
tists are the first to admit that much yet remains to 
be learned. 
Our current knowledge has been assembled from 
research all over the world. South Dakota has made 
definite contributions to new knowledge through 
research by the Institute of Atmospheric Science at 
the School of Mines· and Technology at Rapid City. 
This publication and the others in this series dis-
cuss some of this new know ledge in non-scientific 
terms that are more familiar to the layman. Scientific 
terms are avoided where possible and explained 
where they must be used. 
This publication deals with what makes clouds 
form raindrops under natural conditions. Other pub-
lications of the series deal with techniques and re-
search methods in w@ather modification. 
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CLOUDS 
The Incubators of Raindrops 
Definitions 
Before we discuss clouds, we need to understand 
a few semi-technical terms: 
Condensation Nuclei-Tiny particles floating in 
the atmosphere. Examples are sea salt, volcanic dust, 
some kinds of soil particles, ice, smoke-produced par-
ticles and certain chemical particles. To be usable in 
cloud formation, the particles must be of the type 
that will attract moisture. 
Relative Humidity-The relationship of the 
amount of water vapor in the air at some given tem-
perature to the maximum amount of water vapor 
the air could hold at the same temperature. For ex-
ample, a relative humidity of 80% means that the a~r 
is holding 80/100 of the amount of water vapor 1t 
could hold at that temperature. As temperature de-
creases, with vapor constant, relative humidity in-
creases. 
Figure 1. This drawing shows moist 
air and nuclei being carried aloft to cold-
er temperatures by the action of the wind 
as it encounters a large obstruction on 
the earth's surface, normally a moun-
tain range. As the nuclei are exposed to 
the colder temperatures, water vapor 
begins to condense on them in the same 
manner as it did on the ice tea glass. 
Thus tiny cloud droplets are formed 
around the condensation nuclei and this 
"builds" a cloud. 
----------• 
Saturated Air-Air having a relative humidity of 
1000/4. 
Micron-A very tiny unit of measurement equal 
to .0000394 inches. 
What a Cloud Is 
A cloud is a collection of minute water or ice 
particles sufficiently numerous to be seen. The nec-
essary ingredients to form a cloud are water vapor, 
condensation nuclei and some kind of cooling mech-
anism. 
How Clouds Form 
You have seen the condensation of moisture on a 
glass of cold ice tea. This is moisture that has moved 
out of the air and condensed on the cold glass sur-
face. If there were no surfaces colder than the air, 
the moisture would remain in the air. 
In cloud formation, the glass of ice tea is replaced 
by billions-of nuclei. Each nuclei is a surface like the 
ice tea glass on which water vapor could condense, 
but we are missing one of the ingredients mentioned 
above: the cooling mechanism. Obviously, we can't 
put an ice cube in a nuclei as we did in the glass of 
tea. 
Fortunately, temperatures drop and become ~o~d-
er at higher elevations. Also, the r~lative . humidi~y 
will increase since the airborne moisture is now m 
relationship to a colder temperature. So it wo1;1ld 
seem that if the moist air and nuclei would nse, 
clouds should form, but why should they rise? 
Moist air and accompanying nuclei are exposed to 
the temperature change nece~sary to form cloud~ by 
three basic methods or sometimes by some combma-
tion of the three. These methods are shown in Fig-
ures 1, 2 and 3. 
Figure 2. A mass of moist warm air 
blown into a mass of cold air overrides 
the cold air because it is lighter and the 
same effect results as is shown in Figure 
1. This is what is generally referred to 
as a "front."'' Fronts are common sources 
of rain in South Dakota. 
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CLOUD DROPLETS · 
The Building Stones of a Raindrop 
Now that a cloud has been formed, what must 
happen before the cloud will produce rain? Cloud 
droplets formed on their tiny nuclei usually d_o not 
grow into raindrops because other nuclei are 
competing for the available moisture too. T~us, ra~h-
er than for a few cloud droplets to grow mto ram-
drops, the cloud droplets increase in number and 
the cloud becomes more dense. 
For purposes of comparison, ai:i avera&'e c~oud 
droplet is about 20 microns ( .0007~ mches) m ~iam-
eter and a raindrop about 2000 microns ( .0788 mch-
es) in diameter. In terms of mass, this would mean 
that it takes about one million cloud droplets to form 
one raindrop. 
A few larger condensation nuclei provide larger 
droplets which grow into raindrops by the coales-
cence process illustrated in Figure 4. 
Raindrops 
Therefore we usually need another group of nu-
clei on which raindrops can be built. An ice crysta~ is 
the most common nuclei naturally available as a ram-
drop base in our part of the world ( see Figures 3 
and 4). . . 
Some ice crystals begm formmg from the cloud 
droplets as they reach elevations where temperatures 
are below freezing. However, not all of them_ turn to 
ice, even though temperatures may be considerably 
below freezing. Sometimes none of th~m. freeze. 
(The reasons for this in~olve sev~ral pnnciples ?f 
physics that are amply discussed m Cloud Physics 
and Cloud Seeding by Louis J. Battan, a paperback 
available at most bookstores.) 
Assuming now that we have some_ nude~ in the 
form of ice crystals, we see the nuclei growmg. As 
they grow, they begin to fall and as th~y fa.11, they 
pick up cloud droplets enroute as shown m Figure 4. 
COLD AIR MASS 
000 
Oo CLOUD DROPLETS 
ICE CRYSTALS 
HAIL 
The Family Blacksheep 
Usually raindrops have a lot of friends in South 
Dakota, although this attitude is sometimes da~p-
ened when too much rain falls at the wrong time. 
Hail is completely without friends. Hailstones 
associate themselves with thunderstorms and are the 
product of strong updrafts and very unstable atmos-
pheric conditions. . . 
Conditions are ripe for thunderstorms with possi-
ble hail whenever warm moist air flows over South 
Dakota from the south and dry cool air is blowing 
east at a higher elevation. So long as both winds con-
tinue to blow undisturbed, atmospheric conditions re-
main in a delicate balance. However, if updrafts as 
mentioned previously, upset the balance, thunder-
storms are likely to result and they may or may not 
be accompanied by hail. 
Scientists are exploring many theories as to why 
some thunderstorms produce hail and some do not. 
Also the source of hail nuclei is an unanswered ques-
tion· only in this case the nuclei are called "hail em-
bry~." The height of the clou~ base _in relat_ion to 
the height of the cold air mass is associated with the 
likelihood of hail by some investigators. Others pro-
pose that the violence and intermingling of updra~ts 
and downdrafts will hold hail embryo suspended m 
the very cold portions of the upper air long enough 
for them to grow into hailstones. 
Basic hail storm research is progressing in many 
parts of the world and some strong indications of the 
cloud physics involved are beginning to appear. Re-
searchers have progressed to the point where they 
are able to identify the clouds that should be seeded 
for hail suppression and the ones that should be left 
alone. 
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Figure 3. In this situation, moist air and nuclei are carried 
up into colder air by what is referred to as "updrafts." Vari-
ations in surface texture, ( for example, summer fallow versus 
grasslands) causes some surface areas to be warmer than 
others. The updrafts are caused by unstable atmospheric con-
ditions resulting from warming of air by the warmer sur-
faces below. The warmed air then tends to force its way up 
through the heavier cold air above causing an UPDRAFT. 
Thunderstorms frequently result from these unstable condi-
tions in South Dakota. 
Figure 4. Some cloud droplets collide with the s~ll rain-
drops and ice crystals and are absorbed, thus causmg them 
to grow and fall even faster. Some cloud droplets ~trike the 
small raindrops or ice crystals and bounce off, while others 
bypass them in their "slipstream." If _the ice crystals fall to the 
earth during winter, they likely arnve as snow. In rn~mer, 
they melt upon entering the warm air and arrive as ram. 
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